A cute TCCS was first described by Schneider et al. in 1954 as a "syndrome of acute central cervical spinal cord injury characterized by disproportionately more impairment of the upper than the lower extremities, bladder dysfunction, usually urinary retention, and varying degrees of sensory loss below the level of the lesion."
TCCS have been lacking in the literature. We attempted to systematically review current evidence associated with this type of injury.
Methods
A computerized literature search of the National Library of Medicine database, Cochrane database, and Google Scholar was performed for material published between January 1966 and February 2013 using key words and Medical Subject Headings; key words included: central cord syndrome, traumatic central cord syndrome, acute traumatic central cord syndrome, and central cord syndrome surgery. The search yielded 1675 citations. A total of 162 citations pertained to management of central cord syndrome, which was narrowed down to 77 citations after accounting for redundancy. We then selected for English citations and reviewed all abstracts generated in the search.
Among the citations reviewed, we identified 16 articles that addressed conservative versus surgical management, timing of surgery, and/or prognostic determinants for patients treated for TCCS. All 16 citations were retrospective studies (Tables 1-3 ). The articles were separated into 3 categories: outcomes of surgery versus conservative management, timing of surgery, and analysis of prognostic factors. Articles were classified according to the level of evidence (I-III).
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Results
Surgery Versus Conservative Management
Four articles, all of which were retrospective studies, compared surgery to conservative treatment for TCCS (Table 1 ). In 1984, Bose et al. retrospectively studied 28 patients treated for central cord syndrome. 5 Fourteen patients underwent medical management consisting of immobilization, mannitol, dexamethasone, and sodium bicarbonate. The other group was treated with similar medical care and underwent additional surgery; indications for surgery included failure of continued improvement and/or presence of instability. The baseline ASIA score for both groups was similar. The degree of improvement was significantly greater in the surgically treated group. There were substantial differences in baseline characteristics between the study groups, mainly the degree of cervical instability.
In 1997, Chen et al. retrospectively reviewed 114 patients with TCCS.
8 Twenty-eight patients received surgical intervention, while the remaining patients were treated conservatively. The cohort included patients with heterogeneous pathology. Patients were segregated into 4 groups based on age: Group A, 4-19 years old; Group B, 20-40 years old; Group C, 41-60 years old; and Group D, 61-75 years old. The best outcomes were observed in patients of younger age and those treated with early surgical intervention.
In 1998, Chen et al. retrospectively compared 16 patients treated surgically with 21 patients treated conservatively for acute incomplete cervical spinal cord injury. 7 All patients had incomplete spinal cord injury due to minor Frankel scale no significant difference in regard to timing of op; no significant difference in complications for operative vs nonoperative * AP = anteroposterior; FU = follow-up. † All studies were retrospective, and the quality of evidence was Class III.
neck injury with preexisting spondylosis. Comparing the improvement of the 2 groups at defined intervals, there were statistically significant differences between the surgical and nonsurgical patients at 1-month and 6-month follow-ups. Of those patients treated surgically, 81.2% improved within 2 days, while 62% of patients treated nonoperatively had recovered to at least motor muscle Grade 3 at the 2-year follow-up; however, their recovery was slower than that of the surgical group. In 2007, Aito et al. retrospectively compared 38 patients treated surgically for TCCS with 44 patients treated conservatively. 3 The outcomes between both groups were similar in regard to ASIA motor scores. The baseline characteristics between both groups were different as the surgically treated group had skeletal and discoligamentous injuries, while the conservatively treated group suffered hyperextension injuries.
Timing of Surgery
Six articles were identified that primarily addressed timing of surgery for TCCS, all of which were retrospective studies (Table 2 ). In 2002, Guest et al. retrospectively reviewed 50 patients presenting with TCCS. 12 Comparison of the clinical outcomes between patients undergoing early surgery (within 24 hours) or late surgery (> 24 hours) was conducted. The outcome measure used was the ASIA motor scale. Twenty-six patients with traumatic herniated discs and cervical fractures or dislocation were grouped together. Of those 26 patients, 10 underwent early surgery, and 16 underwent late surgery. In a second group, 24 patients with cervical spondylosis or spinal stenosis were included together; of those, 6 underwent early surgery and 18 underwent late surgery. The mean follow-up was 36 months. On average, all patients improved postoperatively. In the disc herniation and fracture group, patients undergoing early surgery improved to a greater extent than those undergoing later surgery. There was no difference in outcome when comparing early versus late surgery in patients with underlying spondylosis and stenosis. Patients older than 60 years had worse outcomes than younger patients.
In 2005, Yamazaki et al. retrospectively analyzed the clinical and radiographic data on 47 patients who were treated for TCCS due to spondylosis and disc herniations. 26 The outcome measure used was the JOA score. Twenty-four patients were treated conservatively. Twentythree patients were treated surgically and divided into 2 groups: early surgery (≤ 2 weeks) and late surgery (> 2 weeks). All groups improved postoperatively. The interval between injury and surgery was predictive of excellent recovery. Within the surgically treated group, timely surgery was found to improve outcome. In the conservatively treated group, therapy did not improve patients with low JOA scores.
In 2012, Anderson et al. retrospectively reviewed 69 patients who underwent surgical treatment for TCCS. 4 Fifty-five percent of these patients suffered fractures and the rest suffered TCCS in the setting of preexisting stenosis. Fourteen patients underwent surgery within 24 hours, 30 between 24 and 48 hours, and 25 more than 48 hours after injury. The average time to surgical intervention was 2.9 days. All patients received methylprednisolone 1 The mean admission ASIA score improved significantly during the last follow-up. Timing from injury to surgery was within 24 hours in 9 patients, 24-48 hours in 10 patients, and more than 48 hours in 23 patients. American Spinal Injury Association motor score, FIM, manual dexterity, and dysesthetic pain at follow-up correlated with admission ASIA motor score, maximum canal compromise, midsagittal diameter, length of parenchymal damage on MRI, and age. In this study, timing of surgery did not appear to affect outcome.
In 2009, Chen et al. retrospectively reviewed 49 patients with TCCS. 6 Outcome measures included ASIA scores and the SF-36. Twenty-seven of these patients had TCCS with associated spondylosis, while the rest were found to have disc herniations and/or fracture/dislocation. The average admission ASIA score improved at 6 months and plateaued during the last follow-up. There was no significant difference in outcome between patients who underwent surgery within 4 days of injury or after 4 days or injury; age was the only factor that influenced outcome.
In 2010, Stevens et al. retrospectively reviewed 126 pa tients with TCCS; 24 of these patients, 44 presented with cervical fractures. Sixty-seven patients received operative treatment, while 59 were managed nonoperatively. Among those managed operatively, 16 received surgery within 24 hours after the time of injury, and 34 patients received surgery after 24 hours from injury during their first hospitalization (mean 6.4 days), while 17 patients received surgery on a second hospitalization (mean 137 days). Surgical ly treated patients had better Frankel scores at follow-up compared with the conservatively treated group. No statistical ly significant difference was observed in outcome for pa tients treated surgically based on the timing of intervention.
Prognostic Factors
Six articles were identified that primarily addressed prognostic factors other than timing of surgery affecting outcomes in patients with TCCS (Table 3 ). In 1998, Tow and Kong retrospectively reviewed 73 patients treated with TCCS, 25 11 of whom had cervical fractures. Thirteen patients underwent surgical intervention. Significant improvement in ASIA scores and the MBI was noted following rehabilitation. Multiple regression analysis showed that higher admission MBI scores, absence of spasticity, and younger age correlated with better outcomes.
In 2000, Newey et al. retrospectively studied 32 patients with central cord syndrome treated conservatively. 19 Patients were segregated into 3 groups: age younger than 50 years, between 50 and 70 years, and older than 70 years. The mean follow-up was 8.6 years. The ASIA scores improved following discharge, and patients older than 70 years had worse outcomes. 10 There were 51 patients who suffered hyperextension injuries. Twenty-six patients were treated operatively and 63 nonoperatively. The average follow-up was 6 years 4 months. Patients were segregated into 2 groups: age younger than 60 years or age 60 years or older. Linear regression analysis was used to correlate age with ASIA scores. The study showed that age negatively correlated with ASIA scores both on admission and at follow-up. Patients 60 years of age or older had a worse prognosis, although a mild neurological improvement was noted.
In the study conducted by Aito et al., older age significantly correlated with poorer neurological improvement in groups treated both conservatively and surgically.
3 In 2005, Dvorak et al. retrospectively analyzed 70 patients who were managed with TCCS;
11 follow-up was at least 2 years. Cervical fractures were treated operatively. Patients with spondylosis underwent bracing, and surgery was only undertaken if the patient's neurological examination results plateaued or deteriorated. Outcome measures included ASIA scores, FIM, and SF-36. The average admission ASIA motor score significantly improved postoperatively. Potential confounders were analyzed using regression modeling. Significant predictive variables included initial motor score, formal education, comorbidities, age at injury, and development of spasticity. The FIM motor score was also higher in patients treated surgically.
In 2009, Lenehan et al. retrospectively analyzed 50 patients treated for TCCS. 16 Thirteen patients were treated surgically. The patients were separated into 3 groups: younger than 50 years, between 50 and 70 years, and older than 70 years. Average follow-up was 42.2 months. Clinical outcome, including sphincter disturbance, was worse in patients older than 70 years.
In 2010, Hohl et al. retrospectively followed 37 patients treated for TCCS.
13 Among these patients, 7 were treated conservatively, and 30 were treated surgically. Factors influencing 1-year FIM were analyzed. American Spinal Injury Association score at the time of presentation, ambulatory status after injury, administration of steroids, MRI evidence of abnormal signal intensity, and motor FIM at time of rehabilitation correlated with outcome, but age did not.
Discussion
The causes of TCCS are variable. While most authors agree to surgically manage acute disc herniations and unstable spine fractures in an expedited fashion, there remains controversy regarding managing patients with classical central cord syndrome that occurs as a result of hyperextension injury in the setting of spondylosis without evidence of fracture or instability. There is debate not only in whether to manage these patients surgically, but also in determining the optimal timing of surgical intervention.
We conducted a literature review and created evidentiary tables representing current evidence regarding the management of TCCS. No studies were classified as Class I or II evidence. All 16 articles were retrospective in design and therefore were Class III studies. Most studies had heterogeneous patient populations with TCCS that resulted from acute disc herniations, unstable spine fractures, and classic hyperextension injuries; there was only 1 study that involved patients with pure hyperextension injuries. We then segregated the evidence into 3 categories: 1) those that primarily compared surgery to conservative management; 2) those that addressed the timing of surgery; and 3) those that identified possible prognostic factors other than timing of surgical intervention.
Regarding conservative versus surgical management of TCCS, we identified 4 retrospective studies ( Table 1) . Three of these studies showed the superiority and safety of surgical intervention compared with conservative management. One study showed no difference in outcome; however, baseline characteristics between both groups were different as the surgically treated group had skeletal and discoligamentous injuries and the conservatively treated group suffered hyperextension injuries.
In regards to timing of surgery (early vs late), 6 studies were identified, all of which were retrospective in nature. The definition of early versus late varied from study to study (Table 2) . Only 1 study (Yamazaki et al.) demonstrated improved outcome of early surgical intervention.
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In this study, early surgery was defined as within 2 weeks of the injury. The study by Guest et al. demonstrated superiority of early surgery (within 24 hours) in patients suffering from TCCS due to fractures.
12 Early surgery did not affect outcome in patients suffering from TCCS due to spondylosis. The other 3 studies did not demonstrate a significant difference between early surgical interventions (within 24-48 hours) and late intervention.
Six studies primarily investigated prognostic factors that would affect outcome in patients with TCCS (Table  3) . Five of these studies identified older age as adversely affecting outcome; 10, 11, 16, 19 ,25 1 study did not support this claim. 13 Two studies found neurological state at the time of admission would affect outcome, with better outcomes resulting in patients presenting with better neurological examination results. 11, 25 One study found neurological state at the time of rehabilitation affected patient outcomes. 13 Two studies showed the absence of spasticity correlated with better outcomes. 11, 25 One study showed formal education correlated with better outcomes.
11 Lastly, 1 study demonstrated abnormal MR signal intensity correlated with worse outcomes.
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Conclusions
No Class I or II evidence was available to determine the efficacy of surgery, timing of surgery, or prognostic factors in patients managed for TCCS. We compiled 3 evidentiary tables summarizing 16 retrospective studies. Regarding surgical intervention compared with conservative therapy, there is Class III evidence to support the superiority of surgical intervention. In regard to timing of surgery, most Class III evidence demonstrated no difference in early versus late surgical intervention. Most Class III studies agreed that older age, especially older than 60 or 70 years, correlated with worse outcomes. There is a need to perform well-controlled prospective studies and randomized prospective trials to further investigate surgery versus conservative treatment as well as the timing of surgery in patients suffering from TCCS.
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